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Abstract

Background and Aim: Polymorphisms in methylenetetrahydrofolate reductase (MTHFR) are known to be
associated with predisposition for certain cancers. This study aimed to evaluate the effects of lifestyle factors,
family history and genetic polymorphisms in MTHFR C677T and A1298C on rectal cancer risk and possible
interactions with lifestyle factors in Northeast Thailand. Methods: A hospital-based case-control study was
conducted during 2002-2006 with recruitment of 112 rectal cancer cases and 242 non-rectal cancer patient controls.
Information was collected using a structured-questionnaire. Blood samples were obtained for assay of MTHFR
C677T and A1298C genotypes by polymerase chain reaction with restriction fragment length polymorphism
(PCR-RFLP) techniques. Associations between lifestyle factors, family history and genetic polymorphisms v.s.
rectal cancer risk were assessed using logistic regression analysis. Results: Subjects with frequent and occasional
constipation had a higher risk (OR, j—14 64; 95 % CI1=4.28-50.04 and OR J—2 15; 95 % CI=1.14-4.06), along with
those who reported ever having hemorrh01ds (OR, .—2 82; 95%CI=1 36 5.84) or a family history of cancer
(OR, —1 90; 95 % CI=1.06-3.39). Consumption of a hlgh level of pork was also associated with risk (OR_, —1 82;
95%CI—1 .05-3.15). Interactions were not observed between MTHFR and other risk factors. glgnglusmn This
study suggested that the risk factors for rectal cancer in the Thai population are bowel habits, having had
hemorrhoids, a family history of cancer and pork consumption.
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2007). Among the most consistent risk factors are a diets
with a low fiber contents, and higher intake of calories
and fat, and especially of red meat. In addition, obesity,

Introduction

Rectal cancer is rare in developing countries, in

contrast to the high incidence rates in Europe, North
America, Australia and Japan. Significant differences also
exist within continents (Curado et al., 2007). In Thailand,
the estimated total of 4,789 new cases of rectal cancer in
1999 had a male : female ratio of 1.25:1. The annual age-
standardized incidence rates of rectal cancer in Thailand
were 3.6 and 2.7 per 100,000 in males and females,
respectively (Khuhaprema et al., 2007). The highest
incidence rates for males were in Bangkok, Chiang Mai
and Rayong with ASR of 4.7, 4.6 and 4.6, respectively.
Meanwhile, Songkhla, Chiang Mai and Bangkok had the
highest incidence rates in females with the ASR of 3.6,
3.6 and 3.3, respectively (Khuhaprema et al., 2007).
There are a number of behavioral or environmental
factors that increase risk of colorectal cancer (Potter et
al., 1993; Suwanrungruang et al., 2006; Sriamporn et al.,

sedentary lifestyles and alcohol consumption have been
implicated as potential risk factors (Potter and McMichael,
1986; Giovannucci et al., 1995). In epidemiologic studies,
low-folate diets have been found to increase the risk of
colorectal cancer (Benito et al., 1990; Glynn et al., 1996;
Sharp et al., 2008). Other dietary factors, including
consumption of methionine, vitamin B6, B12, and alcohol
have been associated with colorectal cancer in some
studies but not all epidemiologic studies (Giovannucci et
al., 1993; Giovannucci et al., 1995; Slattery et al., 1997;
Sharp et al., 2008). However, the underlying mechanisms
of these dietary factors in relation to rectal cancer are not
clear.

Methylenetetrahydrofolate reductase (MTHFR) is
an important enzyme in folate metabolism; it catalyzes
the conversion of 5,10-methylenetetrahydrofolate
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(5,10-methylene-THF) to 5-methyltetrahydrofolate
(5-methyl-THF) (Choi and Mason, 2002). Two common
polymorphisms in MTHFR gene have been characterized
(Frosst et al., 1995; Weisberg et al., 1998). These
polymorphisms include the C677T polymorphism codes
for an alanine to valine substitution in the N-terminal
catalytic domain, and the A1298C polymorphism codes
for an alanine to glutamine substitution in the C-terminal
regulatory domain (Weisberg et al., 1998). A common
mutation (C677T) causes reduced enzyme activity, leading
to lower levels of circulating folate (5-methyl-THF), an
accumulation of 5,10-methylene-THF, and increased
plasma homocystein levels (Jacques et al., 1996; Ma et
al., 1996).

Functional polymorphisms in MTHFR and their
associations with cancer risk are of great interest. Indeed,
numerous epidemiologic studies have examined the
relationship between MTHFR polymorphisms and cancer
risk but have generated conflicting results. Several studies
have shown that the low-activity variant of MTHFR
C677T was associated with a decreased risk for colorectal
cancer (Ma et al., 1997; Chen et al., 1999), colon cancer
(Slattery et al., 1999) and acute lymphocytic leukemia
(Skibola et al., 1999), In contrast, the same variant has
also been related to an increased risk for various cancers,
including endometrial cancer (Esteller et al., 1997),
cervical intraepithelial neoplasia (Piyathilake et al.,2000),
esophageal squamous cell carcinoma (Song et al., 2001),
gastric cancer (Shen et al.,2001), and bladder cancer (Lin
et al., 2004).

Although various epidemiologic studies have
been examining the association between MTHFR
polymorphisms and colorectal cancer risk, few colon
and rectal cancer studies have analyzed them separately,
and results have been the conflicting. Importantly, no
investigations have examined MTHFR 677 and 1298
genotypes on the effects of potential risk factors of rectal
cancer among Thai people.

As part of a multi-centre study of “The epidemiologic
study of host and environmental factors for stomach and
colon cancers in Southeast Asian Countries” which was
approved by the Research Ethics Committee, Faculty
of Medicine, Khon Kaen University, Reference No.
HE450818, we examine the risk factors for rectal cancer in
lifestyle, environment and genetic factors in the population
of Northeast Thailand.

Materials and Methods

A hospital-based case-control study was conducted
to examine the risk factors for rectal cancer in both
lifestyle and genetic factors. Cases of rectal cancer and
controls were studied on the MTHF R polymorphisms and
lifestyle factors, including dietary intake, smoking, alcohol
drinking, occupation, defecation and family history of
cancer.

Subjects

112 new cases, histologically diagnosed as rectal
cancer (87 rectum, NOS (C20.9) and 25 rectosigmoid
junction (C19.9)) were recruited from Srinagarind
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Hospital and Khon Kaen Regional Hospital, Khon Kaen
Province, between October 2002 and October 2006.
All were from Khon Kaen Province or neighbouring
provinces. All cases were interviewed within 3 months
of first diagnosis. In the same period, 242 patients from
the same hospitals were recruited as controls, frequency-
matched to cases of large bowel cancer, by sex and age
group. The controls had a variety of diseases, the main
ones being diseases of the eye, genito-urinary system or
infection/inflammation. Subjects with gastrointestinal
disease or other cancers were excluded. All subjects gave
informed consent in writing to their participation in the
study. Subjects (about 10% of cases and 10% controls)
who refused or were too old or unable to do the interview
were excluded from the study. The 5 ml. blood samples
obtained from cases and controls were transferred to the
laboratory for analysis of MTHFR polymorphisms.

Interview

Subjects were interviewed by two trained interviewers,
using a structured questionnaire. The questionnaire was
composed of two sections. The first section included
demographic and socio-economic status, smoking history
(allowing for various periods of different consumption)
and family history of cancers. The second section was a
food frequency questionnaire structured by meals. The
interview referred to dietary habit before the subjects
became sick with their present illness (one year earlier).
All subjects were reminded of this condition throughout
the interview.

Laboratory methods

Genomic DNA was extracted from buffy coat
fraction of the rectal cancer cases and their controls
using the standard technique of Nagoya City University
Medical School, Nagoya, Japan. Gene amplification
and polymorphism analyses were performed in the
Microbiological Laboratory at the Faculty of Medicine,
Khon Kaen University, Thailand.

The technique of polymerase chain reaction with
restriction fragment length polymorphism (PCR-RFLP)
was modified as previously described as an amplification
of MTHFR C677T, and A1298C polymorphisms were
modified as previously described (Frosst et al., 1995;
Weisberg et al., 1998). More details of digestion products
and evaluation methods can be found elsewhere (Promthet
et al., 2010).

Statistical analysis

The association between rectal cancer and major risk
factors was evaluated using odds ratios (ORs) and their
95% confidence intervals (95%CIs) derived from the
logistic regression analysis. Crude and adjusted odds ratios
were estimated for each independent variable. Logistic
regression model was used to evaluate the multiplicative
interaction effects. Factors found having a strong
association with rectal cancer by univariate analysis, and
factors without association by univariate analysis but
reported having an important role as factors related to
risk of rectal cancer in the literature, were included in the
multivariate analysis. The possible effect modifications



DOI:http://dx.doi.org/10.7314/APJCP.2012.13.8.4017

Risk Factors for Rectal Cancer and MTHFR Polymorphisms in Northeast Thailand

by MTHFR C677T and A1298C on the effects of major
risk factors for rectal cancer were analyzed by logistic
regression model.

The distribution of alleles/genotypes of MTHFR
polymorphisms in the rectal cancer cases and controls
was examined using > test; 2x2 tables were used to
compare genotype distribution between the 2 respective
groups. Both tests were utilized to compare the cases and
control subjects with regard to genotype frequencies and
potential risk factors for rectal cancer such as demographic
characteristics, diet, smoking and alcohol drinking.

ORs were adjusted for age and sex according to the
polymorphisms in MTHFR C677T and A1298C genes
with risk factors for rectal cancer. Statistical analyses
were performed using STATA version 10. A probability
level (P-value) of less than 0.05 was used as a criterion
of significance.

For smoking, smokers included those who smoked
filtered, unfiltered cigarettes and yamuan (a home-made
cheroot). Ex-smokers were categorized as smokers.
Duration of smoking, and average number of cigarettes
per year were computed based on all smoking periods
reported and dichotomized on the median value of the
controls. The average number of cigarettes was calculated
as annual cigarette consumption (filtered and unfiltered)
plus 1.5 times the annual yamuan consumption. The 1.5
correction factor was used to allow for the longer size of
yamuan compared with the regular cigarettes. The amount
of cigarettes was categorized based on the 50" percentile
of the controls and dichotomized into low and high levels.

For alcohol drinking, ever drinkers, were defined as
those who consumed at least one type of any alcoholic
beverage (beer, sato, white whisky, maekong or other
whiskies) and consumed within a range of everyday to
once a month. Those who did not drink or consume any
alcoholic beverage with a frequency of less than once
a month were categorized as nondrinkers. The average
amount of alcohol consumption was analyzed based on
gram per day, i.e., net alcohol consumption measure and
percentile. Alcohol volume (% Vol.) of beer was defined
as 5.0%, sato as 7.0%, white whisky as 40% and red
whisky as 35%. Average amount of alcohol consumption
was calculated and then converted as net alcohol per day
into 3 categories including non-drinker, <0.50 and >0.50
net alcohol per day.

Dietary intakes within the previous year (beef, pork,
poultry, freshwater and saltwater fish/shellfish, offal,
vegetables and fruit), were categorized into two levels as
low and high. Frequency and the amount of dietary intakes
per year were computed and dichotomized as low and high
consumption on the median value of the controls.

Results

There were 112 cases (58 males and 54 females) with
amedian age of 57 years and 242 controls (129 males and
113 females) with a median age of 55 years. Most of the
subjects were farmers and educated from primary school.

Among the 354 subjects, cases (112) and controls (242)
were genotyped for MTHFR C677T. The prevalence of T
allele was 17.0% in cases and 23.6% in controls: 83.0%

and 76.5% were C/C homozygotes, 16.1% and 20.3%
were C/T heterozygotes and the remaining 0.9% and 3.3%
were T/T homozygotes in cases and controls, respectively.
The corresponding values for the 354 individuals with
MTHFR A1298C data were as follows: 33.0% and 35.1%
A/A homozygotes, 66.1% and 60.7% A/C heterozygotes
and 0.9% and 4.1% C/C homozygotes, respectively,
with a C allele prevalence of 67.0% and 64.8% in cases
and controls, respectively. There was no significant
interaction between the polymorphisms of MTHFR C677T
and MTHFR A1298C on rectal cancer risk (P-values for
interaction=0.548).

Table 1 shows the association of polymorphisms
in MTHFR and rectal cancer by univariate analysis.
Genotype frequencies of two genes were distributed
according to Hardy-Weinberg equilibrium. The subjects
with heterozygotes and homozygotes variant genotypes,
both individual and combined were compared with
homozygotes wild-type genotype in each variant. These
results were not significantly different from all genotype
subgroups of two genes.

In the univariate analysis (Table 2), subjects who
reported having occasional constipation and frequent
constipation had a higher risk of rectal cancer than those
who had normal defecation (OR=2.80; 95%CI=1.69-4.64
and OR=22.14; 95%CI=7.22-67.86, respectively). Those
who reported having a history of hemorrhoids had a
statistically significantly higher risk of rectal cancer with
statistical significance (OR=3.79; 95%CI=2.24-6.43).
Those who reported having relatives with any type of
cancer had a higher risk of rectal cancer than those with no
cancer in the family (OR=1.83; 95%CI=1.13-2.97). Those
who consume alcoholic beverage less than once a month
seemed to have a protective factor against rectal cancer
(OR=0.42;95%CI1=0.19-0.90). No differences were noted
in the rectal cancer risk between tea or coffee drinkers and
non-drinkers. There was no association between smoking
habit and risk of rectal cancer. For types of dietary intake
based on the food frequency questionnaire, using the low
level as a referent group, there was an association between
a high level of pork consumption and rectal cancer risk
(OR=1.97;95%CI=1.23-3.15). Beef consumption showed
a higher risk for rectal cancer but was not of statistical
significance.

In the multivariate analysis (Table 2) shows the
adjusted OR and 95%CI. The bowel habit, those who
had occasional or frequent constipation had a high risk of
rectal cancer (OR=2.15,95%CI=1.14-4.06 and OR=14.64,
95%CI1=4.28-50.04, respectively). Hemorrhoids were

Table 1. Univariate Analysis of Polymorphisms in
MTHFR and Rectal Cancer in Northeast Thailand

Cases Controls OR 95%Cl1
n % n %

Variables P-value

MTHFR C677T polymorphism

C/IC 93 830 185765 1

C/T,T/T 19 170 57 235 0.66 037-1.18 0.162
MTHFR A1298C polymorphism

A/A 37 330 85351 1

A/C,C/C 75 670 157 649 1.1 0.68-1.76 0.701
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Table 2. Univariate Analysis of Potential Risk Factors for Rectal Cancer in Northeast Thailand

Variables Cases (n)  Controls (n) OR* OR" 95%CI  P-value
Bowel habits: Normal 40 161 1 1

Occasional constipation 48 69 2.80 215 1.14-406 0.019

Frequent constipation 22 4 22.14 14.64 4.28-50.06 <0.001
Hemorrhoids: No 67 201 1 1

Yes 43 34 379 282 1.36-584 0.005
Family history of cancer: No 71 184 1 1

Yes 41 58 183 19 1.06-3.39  0.031
Frequency of alcohol consumption

Nondrinker 65 132 1 1

<1/month 9 44 042 059 0.22-1.57 0.288

Weekly 15 30 1.02 200 0.77-5.18 0.153

Daily 23 36 130 189 0.78-4.62 0.16
Pork (average times/day): Low (<0.5) 65 177 1 1

High (>0.5) 47 65 197 182 1.05-3.15 0.032
Beef (average times/day): Low (<0.08; or <2.4 times/month) 75 181 1 1

High (>0.08; or >2.4 times/month) 36 61 142 175 097-3.15 0.063

*Crude odds ratio; "Adjusted for age, sex and variables in table

Table 3. Gene-Environmental Interactions of MTHFR C677T and A1298C Polymorphisms with Potential Risk
Factors for Rectal Cancer in Northeast Thailand

MTHFR Environment/lifestyle factors  Cases (n) Controls (n)  Adjusted OR  95%CI*  P-value®
C677T Bowel habits 0.586
C/C Normal 32 127 1
C/C Occasional constipation 40 49 3.24 1.83-5.73
C/C Frequent constipation 19 3 25.14 7.00-90.21
C/T,T/T Normal 8 34 0.93 0.39-2.21
C/T, T/T Occasional constipation 8 20 1.59 0.64-3.93
C/T, T/T Frequent constipation 3 1 1191 1.20-118.30
C677T Family history of cancer 0.422
C/IC No 61 141 1
c/C Yes 32 44 1.68 0.97-2.90
C/T,T/T No 10 43 0.54 0.25-1.14
C/T,T/T Yes 9 14 1.49 0.61-3.62
C677T Alcohol drinking 0.875
C/IC No 54 100 1
c/C Yes 39 85 0.85 0.51-1.41
C/T,T/T No 10 29 0.64 0.28-1.41
C/T,T/T Yes 9 28 0.59 0.26-1.35
A1298C Bowel habits 0.159
A/A Normal 8 58 1
A/A Occasional constipation 19 24 5.74 2.21-14.89
A/A Frequent constipation 8 1 58.0 6.39-526.79
A/C,C/C Normal 32 103 225 0.97-5.21
A/C,C/C Occasional constipation 29 45 4.67 1.95-11.20
A/C,C/C Frequent constipation 14 3 33.83 7.94-144.18
A1298C Family history of cancer 0.409
A/A No 25 63 1
A/A Yes 12 22 1.37 0.59-3.19
A/C,C/C No 46 121 0.96 0.54-1.70
A/C,C/C Yes 29 36 2.03 1.03-3.98
A1298C Alcohol drinking 0.706
A/A No 19 43 1
A/A Yes 18 42 0.97 0.45-2.10
A/C,C/C No 45 86 1.18 0.62-2.27
A/C,C/C Yes 30 71 0.96 0.48-1.90

295%CI for adjusted OR; "P-value for interaction

a significant rectal cancer risk factor (OR=2.82,
95%ClI=1.36-5.84). Subjects who had family history of
cancer had a higher risk (OR=1.90; 95%CI=1.06-3.39).
A high consumption of pork remained a rectal cancer risk
(OR=1.82; 95%CI=1.05-3.15).
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We further estimated the possible effect modifications
by MTHFR 677 on the effects of major risk factors for
rectal cancer (Table 3). The effect modifications were
observed between MTHFR 677 C/C wild-type and
bowel habit; the ORs were 3.24 (95%CI=1.83-5.73) and
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25.14 (95%CI=7.00-90.21) for occasional and frequent
constipation, respectively, compared with normal
defecation. The adjusted OR for MTHFR 677 C/T or T/T
genotype and having had frequent constipation compared
with normal defecation was 11.91 (95%CI=1.20-118.30).
The interactions between MTHFR 677 and bowel habit
were found. The same as for hemorrhoids, the adjusted
OR was observed between MTHFR 677 C/C wild-type and
having had hemorrhoids compared with no hemorrhoids
was 4.25 (95%CI=2.33-7.76). The effect modifications
were observed between MTHFR 677 and a family
history of cancer with the risk of rectal cancer. Those
who consumed pork at a high level per day and having
MTHFR 677 C/C wild-type compared with same genotype
but low-consumption had a higher risk of rectal cancer
(OR=1.78; 95%CI=1.05-3.02).

The joint effects of MTHFR 1298 any ‘A’ genotype
and occasional or frequent constipation were statistically
significant. The effect modifications were observed
between MTHFR 1298 and having had hemorrhoids
compared with no hemorrhoids with the risk of rectal
cancer. Those who consumed pork at a high level per
day while having MTHFR 1298 A/C or C/C genotype
compared with same genotype but low-consumption had
a higher risk of rectal cancer.

Discussion

Sriamporn et al. (2007), studied lifestyle-related risk
factors for colorectal cancer in Northeast Thailand, but
since there may be differences between the natural history
of colon and rectal cancer, associations with each site
individually are of interest. The present study examines
rectal cancer only, and aims to identify associations
between these factors and genetic polymorphisms,
particularly MTHFR genes in relation to folate metabolism,
any lifestyle and diet consumption.

The significant risk factors for rectal cancer in the
present study were bowel habit (both occasional and
frequent constipation), having had hemorrhoids, family
history of cancer, and a high level of pork consumption. In
the present study, bowel habit was the greatest risk factor
for rectal cancer, which was compatible with a previous
study on colon cancer in the same area (Promthet et al.,
2010). A family history of cancer was the significant risk
factor for rectal cancer in this study which is similar to
colon cancer risk (Promthet et al., 2010).

Bowel habit (occasional and frequent constipation)
was the greatest risk factor for rectal cancer modified by
MTHFR C/C and C/T or T/T genotypes. Those who had
MTHFR C/C wild-type had an increased risk for rectal
cancer that was modified by having hemorrhoids, and high
pork consumption. There were significant interactions
between polymorphisms in MTHFR 1298 A/A,A/C or C/C
genotypes and bowel habit, having hemorrhoids, a family
history of cancer, and high level of pork consumption
with an increased susceptibility to rectal cancer in the
Thai population.

Although none of the MTHF R polymorphisms showed
any significant effect on rectal cancer risk by genotype
alone or between the two polymorphisms, there was a

significant increased risk when combined with bowel
habit and family history of cancer (P-value for interaction
<0.001 and <0.05, respectively). Our finding is similar to
the study by Komlési et al. (2010) who reported that the
rectal cancer risk was significantly higher for MTHFR
CT genotypes (OR=1.4, 95%CI=1.06-1.84) (Komlosi et
al., 2010).

The important symptoms that were considered for
colorectal cancer diagnosis are rectal bleeding, change
in bowel habit, abdominal pain, weight loss, diarrhea and
constipation. However, weight loss and rectal bleeding are
associated with colorectal cancer (Adelstein et al., 2011).
This study confirmed the significant risk of bowel habit,
whereas hemorrhoids just were reported in our study.
However, bowel habit change correlates to pathogenesis of
hemorrhoids that is straining when passing stools (Seow-
Choen, 2002) resulting to disrupt of suspensory ligaments
of Park at the anal cushion and to prolape of hemorrhoid
tissue. In patients with hemorrhoids other abnormalities
such as diverticuli, polyps, cancer and vascular lesions
can be presented, especially in older patients with age
group above 50 years (Koning and Loffeld, 2010). Rectal
bleeding is a very common clinical sign and is often caused
by hemorrhoids that are the most prevalent anorectal
disorder (Janicke and Pundt, 1996) and also is a recognised
as early symptom of colorectal (Jones and Kennedy,
1999). Our data found the interaction of these factors with
MTHFR 677 and 1298 gene polymorphism and showed the
risk associated genes. A high level of pork consumption
was also found to be the significant risk factors for rectal
cancer in the present study. Recently, some study reported
that dietary factors such as high intake of carbohydrates
and saturated fat may function as initiators in the
carcinogenic process (Slattery et al.,2012). The well-done
meat also markedly increased risks of colon and rectal
cancers but only in individuals with both the rapid NAT2
and CYP1A2 phenotypes (Le Marchand et al., 2002). A
number of heterocyclic aromatic amines (HAAs) have
been identified in cooked meat at levels that vary according
to cooking methods, temperature and duration, and type of
meat (Layton et al., 1995). They are the most significant of
human exposure and carcinogenic potency (Layton et al.,
1995). Patients with constipation might long time expose
to several carcinogen. Because our study observed that
MTHFR 677 and 1298 gene polymorphisms significantly
interacted with dietary high level of pork for rectal cancer,
this would imply that dietary factors such as high intake
of pork in patients with bowel habit change may function
as initiators of DNA damage in the carcinogenic process.
MTHFR polymorphisms are reported to be associated
with greater risk for distal colon and rectal cancer than
proximal colon tumors (Toffoli et al., 2003; Ulvik et al.,
2004), since chromosomal instability occurred greater in
the distal than the proximal colon (Lindblom,2001). These
result suggested that folate intake, low methyl donor status
and MTHFR polymorphisms may play independent roles
in the etiology of rectal cancer.

This is the first report showing the relationship between
each genotype of MTHFR 677,1298 and the joint effects
of both genotypes with the risk of rectal cancer. No
studies of this kind have been conducted in Thailand. To
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our knowledge, this is the first investigation to detect an
association between the common mutations in MTHFR
on the effects of putative risk factors for rectal cancer in
the Thai population.

This study has some limitations. Since ours was a
case-control study, recall bias may have occurred during
the interview on lifestyle or dietary consumption. Subjects
were interviewed focusing on consumption of food items
in general but not on dietary folate intake. Further study
is needed to pinpoint the dietary folate intake by food
frequency questionnaire, and to detect levels of circulating
folate and MTHFR polymorphisms with the risk of colon/
rectal cancers in the Thai population.

In conclusion, this study provided results that support
the increased susceptibility to rectal cancer in individuals
with MTHFR polymorphisms, particularly for individuals
who had bowel habits, hemorrhoids, family history of
cancer and high pork consumption. Folate may play an
important role in mechanisms of rectal cancer initiation/
progression by modification of lifestyle or dietary factors.
Since genetic factors cannot be modified, prevention by
changing lifestyle and dietary pattern is important.

Acknowledgements

The study was supported in part by a grant from
The Japanese Ministry of Education, Culture, Sports,
Science, and Technology. We are indebted for all the
generous assistance from Srinagarind Hospital, Khon
Kaen Regional Hospital and Cancer Unit staff at the data
collection phase.

References

Adelstein BA, Macaskill P, Chan SF, Katelaris PH, Irwig L
(2011). Most bowel cancer symptoms do not indicate
colorectal cancer and polyps: a systematic review. BMC
Gastroenterol, 11, 65.

Benito E, Obrador A, Stiggelbout A, et al (1990). A population-
based case-control study of colorectal cancer in Majorca. I.
Dietary factors. Int J Cancer, 45, 69-76.

Chen J, Giovannucci EL, Hunter DJ (1999). MTHFR
polymorphism, methyl-replete diets and the risk of colorectal
carcinoma and adenoma among U.S. men and women: an
example of gene-environment interactions in colorectal
tumorigenesis. J Nutr, 129, 560-4.

Choi SW, Mason JB (2002). Folate status: effects on pathways
of colorectal carcinogenesis. J Nutr,132,2413-8.

Curado MP, Edwards B, Shin HR, et al (2007). Cancer Incidence
in Five Continents. Lyon, IARC Scientific Publications.

Esteller M, Garcia A, Martinez-Palones JM, Xercavins J, Reventos
J(1997). Germ line polymorphisms in cytochrome-P450 1A1
(C4887 CYP1A1) and methylenetetrahydrofolate reductase
(MTHFR) genes and endometrial cancer susceptibility.
Carcinogenesis, 18,2307-11.

Frosst P, Blom HJ, Milos R, et al (1995). A candidate genetic
risk factor for vascular disease: a common mutation in
methylenetetrahydrofolate reductase. Nat Genet, 10, 111-3.

Giovannucci E, Egan KM, Hunter DJ, et al (1995). Aspirin
and the risk of colorectal cancer in women. N Engl J Med,
333, 609-14.

Giovannucci E, Stampfer MJ, Colditz GA, et al (1993). Folate,
methionine, and alcohol intake and risk of colorectal

4022 Asian Pacific Journal of Cancer Prevention, Vol 13,2012

adenoma. J Natl Cancer Inst, 85, 875-84.

Glynn SA, Albanes D, Pietinen P, et al (1996). Colorectal cancer
and folate status: a nested case-control study among male
smokers. Cancer Epidemiol Biomarkers Prev, S, 487-94.

Jacques PF, Bostom AG, Williams RR, et al (1996).
Relation between folate status, a common mutation
in methylenetetrahydrofolate reductase, and plasma
homocysteine concentrations. Circulation, 93, 7-9.

Janicke DM, Pundt MR (1996). Anorectal disorders. Emerg Med
Clin North Am, 14,757-88.

Jones R, Kennedy T (1999). The early detection of colorectal
cancer in primary care. Br J Gen Pract, 49, 956-8.

Khuhaprema T, Srivatanakul P, Sriplung H, et al (2007). Cancer
in Thailand, Vol. IV, 1998-2000. Bangkok.

Komlosi V, Hitre E, Pap E, et al (2010). SHMT1 1420 and
MTHFR 677 variants are associated with rectal but not colon
cancer. BMC Cancer, 10, 525.

Koning MV, Loffeld RJ (2010). A survey of abnormalities in
the colon and rectum in patients with haemorrhoids. BMC
Gastroenterol, 10, 74.

Layton DW, Bogen KT, Knize MG, et al (1995). Cancer risk
of heterocyclic amines in cooked foods: an analysis and
implications for research. Carcinogenesis, 16, 39-52.

Le Marchand L, Hankin JH, Pierce LM, et al (2002). Well-done
red meat, metabolic phenotypes and colorectal cancer in
Hawaii. Mutat Res, 506, 205-14.

LinJ, Spitz MR, Wang Y, et al (2004). Polymorphisms of folate
metabolic genes and susceptibility to bladder cancer: a case-
control study. Carcinogenesis, 25, 1639-47.

Lindblom A (2001). Different mechanisms in the tumorigenesis
of proximal and distal colon cancers. Curr Opin Oncol,
13, 63-9.

Ma J, Stampfer MJ, Giovannucci E, et al (1997).
Methylenetetrahydrofolate reductase polymorphism, dietary
interactions, and risk of colorectal cancer. Cancer Res, 57,
1098-102.

Ma J, Stampfer MJ, Hennekens CH, et al (1996).
Methylenetetrahydrofolate reductase polymorphism, plasma
folate, homocysteine, and risk of myocardial infarction in
US physicians. Circulation, 94, 2410-6.

Piyathilake CJ, Macaluso M, Johanning GL, et al (2000).
Methylenetetrahydrofolate reductase (MTHFR)
polymorphism increases the risk of cervical intraepithelial
neoplasia. Anticancer Res, 20, 1751-7.

Potter JD, McMichael AJ (1986). Diet and cancer of the colon
and rectum: a case-control study. J Natl Cancer Inst, 76,
557-69.

Potter JD, Slattery ML, Bostick RM, Gapsur SM (1993). Colon
cancer: review of the epidemiology. Epidemiol Rev, 15,
499-545.

Promthet SS, Pientong C, Ekalaksananan T, et al (2010).
Risk factors for colon cancer in Northeastern Thailand:
interaction of MTHFR codon 677 and 1298 genotypes with
environmental factors. J Epidemiol, 20, 329-38.

Seow-Choen F (2002). Surgery for haemorrhoids: ablation or
correction. Asian J Surg, 25, 265-6.

Sharp L, Little J, Brockton NT, et al (2008). Polymorphisms in
the methylenetetrahydrofolate reductase (MTHFR) gene,
intakes of folate and related B vitamins and colorectal cancer:
acase-control study in a population with relatively low folate
intake. Br J Nutr, 99, 379-89.

Shen H, Xu Y, Zheng Y, et al (2001). Polymorphisms of
5,10-methylenetetrahydrofolate reductase and risk of gastric
cancer in a Chinese population: a case-control study. Int J
Cancer,95,332-6.

Skibola CF, Smith MT, Kane E, et al (1999). Polymorphisms in
the methylenetetrahydrofolate reductase gene are associated



DOI:http://dx.doi.org/10.7314/APJCP.2012.13.8.4017

Risk Factors for Rectal Cancer and MTHFR Polymorphisms in Northeast Thailand

with susceptibility to acute leukemia in adults. Proc Natl
Acad Sci U S A, 96, 12810-5.

Slattery ML, Caan BJ, Potter JD, et al (1997). Dietary energy
sources and colon cancer risk. Am J Epidemiol,145,199-210.

Slattery ML, Herrick JS, Bondurant KL, Wolff RK (2012).
Toll-like receptor genes and their association with colon
and rectal cancer development and prognosis. Int J Cancer,
130, 2974-80.

Slattery ML, Potter JD, Samowitz W, Schaffer D, Leppert M
(1999). Methylenetetrahydrofolate reductase, diet, and
risk of colon cancer. Cancer Epidemiol Biomarkers Prev,
8,513-8.

Song C, Xing D, Tan W, Wei Q, Lin D (2001).
Methylenetetrahydrofolate reductase polymorphisms
increase risk of esophageal squamous cell carcinoma in a
Chinese population. Cancer Res, 61, 3272-5.

Sriamporn S, Wiangnon S, Suwanrungruang K, et al (2007). Risk
factors for colorectal cancer in northeast Thailand: lifestyle
related. Asian Pac J Cancer Prev,8,573-7.

Suwanrungruang K, Wiangnon S, Sriamporn S, et al (2006).
Trends in incidences of stomach and colorectal cancer in
Khon Kaen, Thailand 1985-2004. Asian Pac J Cancer
Prev,7,623-6.

Toffoli G,GafaR,Russo A, et al (2003). Methylenetetrahydrofolate
reductase 677 C-->T polymorphism and risk of proximal
colon cancer in north Italy. Clin Cancer Res, 9, 743-8.

Ulvik A, Vollset SE, Hansen S, et al (2004). Colorectal cancer
and the methylenetetrahydrofolate reductase 677C -> T and
methionine synthase 2756A -> G polymorphisms: a study
of 2,168 case-control pairs from the JANUS cohort. Cancer
Epidemiol Biomarkers Prev, 13,2175-80.

Weisberg I, Tran P, Christensen B, Sibani S, Rozen R (1998). A
second genetic polymorphism in methylenetetrahydrofolate
reductase (MTHFR) associated with decreased enzyme
activity. Mol Genet Metab, 64, 169-72.

Asian Pacific Journal of Cancer Prevention, Vol 13,2012 4023



